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Abstract  
 
Thua Nao, a traditionally fermented soybean condiment, is widely consumed in the north of 
Thailand. This type of fermented soybean is typically occurred by mixed starter cultures in 
which Bacillus species are predominant. This study was undertaken to evaluate the soybean 
fermentation prepared by pure starter cultures of Bacillus subtilis TN51 and Rhizopus 
oligosporus. In general, soybeans were washed, boiled, autoclaved, and mixed with microbial 
inocula; five different ratios between B. subtilis and R. oligosporus used were 100:0, 75:25, 
50:50, 25:75, and 0:100, respectively. The fermentation was carried out at 30 C for 72h, and 
proximate analysis of the fermented samples was then determined. The results showed some 
differences in chemical compositions between the fermented and non-fermented soybean. In 
general, the microbial fermentation increased fat contents, and decreased the contents of 
moisture and ash. However, the uses of microbial inocula at different ratios seemed not to 
significantly affect the proximate analysis of the fermented soybeans. 
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Introduction 
 
Fermented soybean foods are widely consumed in many parts of the world especially in Asia 
and Africa. Japanese Natto, Korean Chungkukjang, Indian Kinema, Nigerian Dawadawa are 
the examples of fermented soybean products. Thua Nao, a traditional Thai fermented soybean 
product, is mainly used as a condiment in northern Thai cuisine. Traditionally, the 
manufacturing process is similar including soaking, boiling, and fermenting of soybeans. The 
fermentation is generally completed within 3 days, when the fermented soybean are covered 
with a slightly sticky, brownish layer of bacteria and have a unique flavor with a noticeable 
odor of ammonia (Leejeerajumnean et al., 2001). However, a natural fermentation may lead 
to a potential problem of hygienic safety, unstable sensory and nutritional properties. A use of 
pure starter culture has been proved to prevent this problem (Mugula et al., 2003). 
Fermentation of Thua Nao in particular has been shown to improve using a pure starter 
culture of B. subtilis strain 38 (Chantawannakul et al., 2002) and TN51 (Dajanta et al., 
2012). In this study, a preliminary experiment was carried out using a co-culture of the 
bacterium B. subtilis TN51 and the fungus R. oligosporus to produce the fermented soybeans 
and their proximate analysis was determined. 
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Methodology  
 
Microorganisms  
Bacillus subtilis TN51 used in this study was isolated from Thai Thua Nao. For inoculum 
preparation, the bacteria were grown in nutrient broth at 37°C for 24h. The cells were then 
harvested, resuspended in sterile distilled water and adjusted to 104 CFU/ml. Rhizopus 
oligosporus obtained from the Agricultural Research Service Culture Collection, Bacterial 
Foodborne Pathogens and Mycology Research Unit National Center for Agricultural 
Utilization Research (USA) was maintained on potato dextrose agar at 30 °C for 3-4 days. 
The spores were then harvested, resuspended in sterile distilled water and adjusted to 104 
CFU/ml. These cell and suspension were ready to serve as inocula for soybean fermentation. 
 
Fermentation of soybean 
Soybean were washed and soaked in water for 16h at room temperature and autoclaved at 
121 C for 40 min. The fermentation was then prepared using microbial inocula (specify CFU 
per g of the autoclaved soybeans). Five treatments with different ratios between B. subtilis 
and R. oligosporus 100:0, 75:25, 50:50, 25:75, and 0:100 were used. After that, the soybeans 
were incubated at 30 

C for 72 h. 
 
Nutritional composition 
The pH, protein content, fat content, ash content, moisture content and fiber content were 
determined by the AOAC methods (2000). Data were expressed as means ± standard 
deviations. Analysis was also performed by Duncan’s multiple range test using the SPSS 
software. The significant differences between means were defined at P < 0.05. 
 
Results  
 
Appearance of fermented soybean 
The overall appearance of the fermented soybeans prepared from different ratio between B. 
subtilis and R. oligosporus is shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Appearance of Thua Nao prepared by different ratio of B. subtilis and R. 
oligosporus. A) 100:0; B) 75:25; C) 50:50; D) 25:75; and E) 0:100. 
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After fermentation, the colour of soybean became slightly darker and it was found that Thua 
Nao inoculated with only B. subtilis inoculum was sticky covering with white mucous. For 
Thua Nao prepared with B. subtilis and R. oligosporus (75:25, 50:50 and 25:75), the samples 
covered with white mucous and hyphae. They smelled like ammonia. The sample of the ratio 
25:75 also had the odor of rancidity. In contrast, the samples prepared with the fungus alone 
covered with hyphae with no appearance of mucous. They smelled like alcohol. 
 
Physicochemical changes of the fermented soybeans 
Table 1 presents the proximate compositions as well as other physicochemical characteristics 
of Thua Nao prepared in the ratios between B. subtilis and R. oligosporus at 100:0, 75:25, 
50:50, 25:75 and 0:100. It was found that there were some differences in chemical 
compositions between the fermented and non-fermented soybean. It was evident that pH 
values of products from the five treatments (more than 7) were significantly higher (P0.05) 
than that of the autoclaved non-fermented soybean (6.32). Moisture, ash and fat contents of 
the products of the five treatments decreased significantly when compared with the 
autoclaved soybean. Fiber content of ratios at 25:75, 50:50 and 0:100 was significantly higher 
than that of autoclaved soybean. However, protein contents were not significantly different 
between the five treatments and the autoclaved soybean. 
  
Table 1 Proximate compositional analysis of Thua Nao were fermented with B.subtilis TN51 
and R. oligosporus 
 

Nutritional 
Quality 

Autoclaved  
Soybean 

Ratios of B. subtilis TN51:R. oligosporus 
100:0 75:25 50:50 25:75 0:100 

pH 6.32±0.04e 7.20±0.01c 7.18±0.01d 7.32±0.01b 7.22±0.01c 7.54±0.01a 

Moisture 
(%) 

66.20±1.89a 63.67±0.21b 64.38±1.22b 63.62±1.64b 63.78±0.73b 63.68±0.25b 

Ash  
(%) 

1.59±0.09a 1.44±0.11b 1.39±0.11b 1.37±0.11.b 1.37±0.03b 1.44±0.05b 

Protein  
(%) 

15.98±0.36ns 16.02±0.43ns 16.12±0.99ns 15.78±0.59ns 15.84±1.03ns 16.34±1.24ns 

Fat  
(%) 

1.82±0.16b 1.72±0.33b 1.01±0.27c 2.72±0.35a 0.52±0.25d 0.65±0.09d 

Fiber  
(%) 

2.17±0.13b 1.99±0.17b 2.13±0.10b 2.27±0.49b 2.82±0.50a 2.84±0.39a 

Data are mean ±standard deviation (n=4) and expressed in the unit of % wet matter. Means within same row 
with difference superscripts are significantly (P0.05), NS: Non significantly different (P0.05). 
 
Discussion 
In this study, soybean was fermented by pure cultures of B. subtilis TN51 and R. oligosporus 
with five different ratios of 100:0, 75:25, 50:50, 25:75, and 0:100, respectively. After 72h 
fermentation, it was found that fermented soybean using the bacterium B. subtilis TN51 only 
was sticky, covered with white viscous substances. The sticky substance is reported to be 
produced by certain Bacillus strains during fermentation (Dajanta et al., 2012; Ogawa et al., 
1997). In general, the proximate results obtained were in agreement with those of the 
previous report (Chukeatirote and Thakang, 2006). The increase in pH values was observed 
after the fermentation presumably from proteolytic activity. The release of ammonia from the 
utilization of amino acids by microbes involved is also responsible for the pungent smell 
(Sarkar et al., 1993). The protein content did not show much change although it is suspected 
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that there would be a difference in amino acid profiles in which further study is needed. An 
increase of the fungal inoculum led to an increase of fiber content which may be due to the 
development of mycelium. The fat content of fermented soybean is low and may be caused 
by the microbial lipase enzymes. These fatty acids can be used as a source of energy for the 
mould resulting in the low lipid content in fermented soybean. During soybean fermentation, 
the fat contents decrease about 26% in tempeh (Astuti et al., 2000). 
 
Conclusions 
Our study demonstrated that the fermented soybean products prepared with B. subtilis TN51 
and R. oligosporus could be developed. Some nutritional values of the fermented products are 
presented and can be used as a guideline for food compositional data.  
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